To perform a meta-analysis of case-control studies that addressed whether prior oral contraceptive (OC) use is associated with premenopausal breast cancer.
METHODS:
We searched the MEDLINE and PubMed databases and bibliography reviews to identify case-control studies of OCs and premenopausal breast cancer published in or after 1980. Search terms used included breast neoplasms, oral contraceptives, contraceptive agents, and case-control studies. Studies reported in all languages were included. Thirty-four studies were identified that met inclusion criteria. Two reviewers extracted data from original research articles or additional data provided by study authors. We used the DerSimonian-Laird method to compute pooled odds ratios (ORs) and confidence intervals (CIs) and the Mantel-Haenszel test to assess association between OC use and cancer.
RESULTS: Use of OCs was associated with an increased risk of premenopausal breast cancer in general (OR, 1.19; 95% CI, 1.09-1.29) and across various patterns of OC use. Among studies that provided data on nulliparous and parous women separately, OC use was associated with breast cancer risk in both parous (OR, 1.29; 95% CI, 1.20-1.40) and nulliparous (OR, 1.24; 95% CI, 0.92-1.67) women. Longer duration of use did not substantially alter risk in nulliparous women (OR, 1.29; 95% CI, 0.85-1.96). Among parous women, the association was stronger when OCs were used before first full-term pregnancy (FFTP) (OR, 1.44; 95% CI, 1.28-1.62) than after FFTP (OR, 1.15; 95% CI, 1.06-1.26). The association between OC use and breast cancer risk was greatest for parous women who used OCs 4 or more years before FFTP (OR, 1.52; 95% CI, 1.26-1.82).
CONCLUSION:
Use of OCs is associated with an increased risk of premenopausal breast cancer, especially with use before FFTP in parous women.
Mayo Clin Proc. 2006;81 (10) :1290-1302 CI = confidence interval; FFTP = first full-term pregnancy; OC = oral contraceptive; OR = odds ratio B reast cancer is the leading cause of cancer in women worldwide and the most common cause of cancer death in US women aged 20 to 59 years. 1 Each year in the United States, approximately 211,000 women develop breast cancer and more than 47,000 (20%) do so before the age of 50 years.
2 Approximately 2 in 15 American women are expected to develop breast cancer in their lifetime, and nearly 40,000 women die of the disease annually.
2 During the past 4 decades, breast cancer rates have risen steadily worldwide and have risen even faster in more developed countries, especially among younger women. For example, from 1973 to 1999 the rate of breast cancer in the United States increased in white women younger than 50 years by 9.8% (ie, 39.8 per 100,000 population to 43.7 per 100,000 population) and by 26 .4% in African American women younger than 50 years (ie, 34.8 per 100,000 population to 44.0 per 100,000 population). 3 Although the medical research community has long recognized breast cancer risk factors such as a positive family history of breast cancer, early menarche, late menopause, nulliparity, and lack of breastfeeding, 4-7 concordance is lacking regarding the carcinogenic potential of female hormones. The Women's Health Initiative Clinical Trial reported that prolonged exposure to exogenous estrogens and progestins in hormone therapy increases a woman's risk of developing breast cancer. 8 In addition, the World Health Organization recently classified both postmenopausal hormone replacement and oral contraceptives (OCs) as group 1 carcinogens. 9 The association between OCs and risk of subsequent breast cancer has varied within the medical literature over time. Only 1 of 15 studies performed before 1980 showed a positive association. 10 However, more recent studies have noted an increase in risk among OC users, especially among women who took them before a first full-term pregnancy (FFTP). [10] [11] [12] [13] [14] [15] The difference between older and more recent findings may be related to the changing pattern of OC use: women who took OCs from the late 1970s through the 1990s were more likely to use them before FFTP and for longer periods than women who used them in the 1960s and early 1970s. 11 Women who are exposed to carcinogens before FFTP may have a higher risk of developing breast cancer because the glandular tissue of the breast has not yet undergone the further differentiation associated with pregnancy. 16 Differentiation of the mammary gland associated with pregnancy inhibits carcinogenic initiation 16 and may explain the natural protection that pregnancy has been shown to confer. 17, 18 We undertook a meta-analysis of case-control studies conducted in 1980 or later to clarify the possible association between OC use and breast cancer risk in premenopausal women or women younger than 50 years. For the analyses presented herein, we assumed that most women younger than 50 years were premenopausal. We limited our analyses to studies in which most women developed breast cancer in or after 1980 to allow for an adequate latent period between OC use and breast cancer diagnosis. We further limited analyses to premenopausal women because most postmenopausal women included in studies from the 1980s and 1990s did not have extensive exposure to OCs before FFTP; therefore, the relationships among OC use, pregnancy, and postmenopausal disease are difficult to assess.
METHODS

LITERATURE SEARCH, DATA SOURCES, AND STUDY SELECTION
We searched the MEDLINE and PubMed databases to identify case-control studies of breast cancer and OC use published in or after 1980. Search terms used included breast neoplasms, oral contraceptives, contraceptive agents, and case-control studies. We located additional studies by reviewing the bibliographies of identified studies and previous meta-analyses. [10] [11] [12] [13] [14] [15] Only studies in which cases and controls were younger than 50 years or premenopausal and in which most cases developed breast cancer during or after 1980 were included in our analyses. A total of 60 potentially eligible studies were identified. Twenty-six studies were excluded for various reasons: 8 studies took most of their data before 1980, [19] [20] [21] [22] [23] [24] [25] 2 studies (which were identified in the Oxford study 11 ) were never published, 1 study examined exclusively noncontraceptive hormone use, 26 1 study examined women 50 years or older, 27 and 2 studies 28, 29 have since been combined into a more recent study and that latter study was included. 30 One study was excluded because most women had used OCs for 6 months or less before FFTP 31 ; 11 studies were excluded because we were unable to obtain data specifically on premenopausal women or women younger than 50 years. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] This resulted in 34 eligible studies. 30, Four studies 66, 67, 72, 75 reported their data by 2 separate age strata. Wingo et al, 72 Shapiro et al, 67 and Rosenberg et al 75 reported their data by age categories of younger than 35 years and 35 to 44 years. Rosenberg et al 66 reported data by age categories of younger than 40 years and 40 to 49 years. That is, for these studies, women were categorized by the age at which their conditions were diagnosed (cases) or they were enrolled in the study (controls). One study used either hospital-or population-based controls, depending on the location; we treated these as 2 independent studies also. 68 Thus, there were a total of 39 potential independent studies for analysis, which are listed in Table 1 . 30, Among these 39 studies, 2 studies 54, 74 did not provide any data on ever or never use in all women but provided data for other subgroup analysis categories (ever or never use in parous women, OC use in parous women before and after FFTP); hence, they are included in some of the analyses presented herein.
We attempted to contact the original authors if data on the history of OC use before FFTP were missing. Several authors provided these data. 48, 55, 61, 64, 65, 71, 73, 74 We did not analyze the subgroup of women who took OCs before FFTP in studies in which most women used OCs for less than 6 months before FFTP. 31, 44 We avoided duplicate entry of the data found in multiple published reports; in these cases, the most recent or comprehensive form of the study was used. Examples include 3 American studies, 4,59,72,75-80 a Swedish study, 57, 81 and an Italian study.
28-30
DATA EXTRACTION All data were independently extracted by 2 people (C.K. and a research assistant) and entered into an Excel spreadsheet (Microsoft Inc, Redmond, Wash). The extraction process included descriptive information on study design and details on exposure and outcome measures. Descriptive information included author, publication year and language, study location, recruitment period, type of design (population or hospital based), participation rates, and type of interview. Exposure measures included ever use of OCs, ever use of OCs by ever parous women, ever use of OCs before and after FFTP by parous women, use of OCs for 4 or more years before FFTP by parous women, and ever use by nulliparous women and use of OCs for 4 or more years by nulliparous women. All extracted data were reviewed by a third person (F.M.), and disagreements were collectively adjudicated.
STATISTICAL ANALYSES
This meta-analysis used the DerSimonian-Laird randomeffects model 82 to compute the pooled odds ratios (ORs), 95% confidence intervals (CIs), and P values for the null hypothesis of no association between OC use and cancer. Individual ORs and their variances were computed from each study's published crude number of cases and controls. Homogeneity of the ORs was assessed in the standard manner, using the Q statistic (see, for example, DerSimonian and Laird
82
). For analyses that involved the subgroup of parous women who used OCs before FFTP, most studies defined never users as women who never used OCs. However, one study 58 before FFTP (but may have used OCs after). Two studies 43, 75 defined never users as less than 6 or 12 months of use, respectively. Analyses were conducted including and excluding these 3 studies, with no differences in results.
RESULTS
Of the 34 studies identified for inclusion in this study, 14 were hospital based, 19 were population based, and 1 was a combination of hospital and population controls. The studies were from several countries: Australia (1), 55 Brazil (2), 48, 68 Canada (1), 66 China (1), 74 Costa Rica (1), 50 Denmark (1), 47 England (2), 45,56 France (2), 46, 49 Italy (3), 30, 54, 69 New Zealand (1), 63 Singapore (1), 51 Slovenia (1), 64 South Africa (1), 67 Sweden (2), 57, 61 Taiwan (1), 44 the Netherlands (1), 65 and the United States (11). 42, 43, 52, 53, 58, 59, 62, [71] [72] [73] 75 One study analyzed multinational data. 60 Overall, OC use was associated with an increase in breast cancer risk ( Figure 1) , with a calculated pooled OR of 1.19 (95% CI, 1.09-1.29). Of the 39 studies indicated in Table 1 , 2 studies 54, 74 did not include data on ever or never use of OCs and thus were not included in the analysis of Figure 1 . Of the remaining 37 studies, 29 had ORs greater than 1, and 8 had ORs less than 1. Nine studies reported P<.05 (ranging from 5 × 10 -8 to 0.031) for the null hypothesis of no association between OC use and cancer; of these 9 studies, only 1 had an OR less than 1. For the pooled analysis, the P value for no association between OC use and cancer was 9.5 × 10 -5
ORAL CONTRACEPTIVE USE AS A RISK FACTOR FOR PREMENOPAUSAL BREAST CANCER
. We note that the P value for homogeneity among the studies was 2.0 × 10 -6
; thus, there is clear evidence for differences among the studies. Heterogeneity is clearly present, but the source can neither be traced nor inferred from the individual reports. It is likely that it derives from both variability in the genetic pool of individual study populations and various cultural and environmental factors.
As shown in Figure 2 , the ORs for nulliparous women who ever used OCs (OR, 1.24; 95% CI, 0.92-1.67) was similar to that of nulliparous women who used OCs for 4 years or more (OR, 1.29; 95% CI, 0.85-1.96). Among parous women (Figures 3 and 4) 
DISCUSSION
The results of this meta-analysis suggest that use of OCs is associated with an increase in breast cancer risk among premenopausal women or women younger than 50 years.
The greatest risk appears to be for parous women who use OCs before FFTP.
Our results are consistent with other early meta-analyses and pooled analyses using studies conducted primarily in the 1970s and 1980s. Thomas 12 noted an increase in risk of 40% (OR, 1.4; 95% CI, 1.2-1.7) in premenopausal and postmenopausal women who used OCs before FFTP. Studies that focused on women who experienced high exposure to prolonged OC use at a young age (premenopausal women or women younger than 50 years) also showed elevated risks. Rushton Our results vary in some ways from those of the Oxford pooled analysis. 83 First, the Oxford study concluded that women who began OC use before the age of 20 years had higher relative risks than women who began use after the The Oxford pooled analysis also concluded that women who used OCs incurred no increased risk 10 years after last use (ie, they found the highest risk in current or recent OC users) and that cancer in women who used OCs was less advanced than those diagnosed in women who never used OCs. We note 2 distinctions in regard to these findings. First, these results cannot be directly compared with ours because of the different parameters of our analyses. We focused on premenopausal risk of early OC use in casecontrol studies in which cases developed breast cancer primarily after 1980; omitting 4 of 39 studies that collected some of their data before 1980 did not alter our findings (data not shown). The conclusions of the Oxford analysis in regard to the points of reference were based on OC use in both premenopausal and postmenopausal women; two thirds of the breast cancer patients in the Oxford analysis were older than 45 years. 84 Furthermore, they included several case-control studies whose database included primarily women who developed breast cancer before 1980. [19] [20] [21] [22] [23] [24] [25] 85 Second, we were unable to obtain data on timing of OC use (ie, current, recent, or 10 years after last use) for the specific subgroup of premenopausal parous women who used OCs before FFTP. A possible explanation for the Oxford study's conclusion that risks were higher in current and recent users involves the epidemiology of use. In their analysis, current or recent users would have been more likely to have used OCs in more recent decades than women whose last use was more than 10 years ago. We noted earlier that women used OCs for longer periods before FFTP in more recent decades (eg, 1980s and 1990s) vs older decades (eg, 1960s and 1970s); therefore, the increased risk of current or recent users noted in the Oxford analysis may reflect the increased risks of longer OC use before FFTP as we have observed.
We found that the risk in parous women who took OCs before FFTP (OR, 1.44; 95% CI, 1.28-1.62) was higher than in nulliparous women who took OCs (OR, 1.24; 95% CI, 0.92-1.67). We know of no reason why this difference exists.
We intentionally subdivided our analysis into different subgroups (eg, parous and nulliparous). We believe this was important because nulliparous women might experience potential risk factors (eg, infertility, use of infertility drugs, polycystic ovarian disease) more frequently than parous women.
Our analysis complements the existing body of literature by focusing on studies conducted since 1980 and examining the effect of OCs on premenopausal breast cancer.
The results of prior studies and of ours are consistent with the hypothesis that OCs can be carcinogenic, especially when used before FFTP. The nulliparous breast is composed of undifferentiated structures, and it is only during a full-term pregnancy that the breast attains its maximum development. 16 This development occurs in 2 distinct phases, an early growth phase and a late phase of lobular differentiation. 16 The undifferentiated breast structures found in the nulliparous breast may be more susceptible to carcinogens than the more differentiated structures found in the fully developed breast. For example, in Hiroshima and Nagasaki, Japan, nulliparous women who were exposed to radiation from the atomic bomb developed breast cancer far more frequently than women who had already borne children at the time of exposure. 86 Although it is not possible to directly establish the carcinogenic potential of OCs in the human breast in vivo, animal studies suggest that the hormones contained in OCs have carcinogenic potential in rodents, dogs, and monkeys. [87] [88] [89] [90] [91] [92] Moreover, OCs accelerate the rate of breast cell division in women who take them before FFTP. 93 Increased rates of cell division are associated with increased cancer risk. [94] [95] [96] In addition, there is evidence that OCs work at times by causing a postfertilization effect (ie, at times they work after fertilization by preventing nidation). 97 If this effect is associated with early hormonal shifts, as some data suggest, 98,99 it could be an alternative mechanism for the carcinogenic effect of OCs, especially if used before FFTP.
A number of methodologic issues are important to consider when interpreting our results alone and in comparison with previous work. First, we chose the random-effects method for this meta-analysis because we expected studies to differ significantly in many factors, including length and patterns of OC use and the available latency period, and these factors would be expected to affect the measured ORs. Second, because study populations differed substantially in race and culture, these 2 factors might lead to differences in bias in addition to having direct effects. Thus, although we consider the evidence for the association of OC use and cancer to be strong, we do not claim that each of the studies included in our analysis should have observed an effect. However, although it is biologically implausible that OC use would both increase risk and protect against breast cancer in premenopausal women, differences in study designs, variability, patient characteristics, and measurement devices could cause an individual study to find an association that appears to contradict the collective data available; thus, we consider the study by Traina et al 69 (OR, 0.61; P=.005) to be an outlier (although we included it in our analyses). In interpreting the results of our meta-analysis, it is important to understand the method and its shortcomings. The basic assumption underlying the ran-dom-effects model is that the studies analyzed are a random sample from a large population of studies; the average OR in the population of studies is µ, and its (normally distributed) error is σ. The meta-analysis provides estimates of µ and σ, and from these we determine the CI for µ and the P value for no association between OC use and cancer. As noted before, we would not expect ORs to be both less than 1 and greater than 1 unless bias played a significant role; thus, the assumption that µ is distributed normally is a shortcoming. We also note that the CI computed in the random-effects model and the P value associated with it should be interpreted with caution when assessing the association of OC use and cancer; the random-effects model estimates properties of the population mean OR, but some of the subpopulations evaluated in the studies we considered in this meta-analysis may be at much greater risk than others.
Additional issues regarding our study design should be noted. First, by choosing to analyze studies of premenopausal women published in or after 1980, we structured this analysis to include a large portion of women exposed to OCs before FFTP to maximize the potential latent period between the exposure to OCs and breast cancer outcome. [100] [101] [102] [103] Postmenopausal women included in studies conducted even as late as 1995 were unlikely to include many women exposed to OCs before FFTP. Moreover, there is precedent for the importance of an adequate latent period between an exposure and subsequent breast cancer development. Atomic bomb survivors experienced a radiation dose-related increase in breast cancer incidence that was first noted 15 years after exposure, 86 and the link between diethylstilbestrol use and subsequent breast cancer risk did not become evident for more than 22 years. 104 Hence, most previous analyses 10, 11, 13, 14 that analyzed data on studies conducted before 1980 may not have included an adequate period between exposure to OCs and subsequent breast cancer development.
A second issue involves the relatively rapid change in the age of first use of OCs during the past few decades. Since the late 1970s, women have been using OCs at younger ages and for longer periods than women of similar reproductive age in the 1960s and early 1970s. 11 Hence, studies must closely match cases and controls by age so that case and control distributions within age strata are similar or any potential association may be obscured. For example, if the controls in the youngest age category are oversampled relative to the cases in that category, the control group will likely contain more women who had early and longer OC use, resulting in an underestimate of the OR. Notably, this stacking or clustering of controls in the younger age stratum relative to cases exists in many of the studies that examined OCs and breast cancer risk. Of the 34 studies included in our meta-analysis, 18 studies 30, 43, 45, 46, 48, [50] [51] [52] [55] [56] [57] 60, 62, 63, 69, 72, 73, 75 provided information on frequency of age distribution of cases and controls. Eleven (61%) 30, 43, 46, 50, 60, 62, 63, 69, 72, 73, 75 of the 18 studies showed a stacking effect in the control group. Although individual studies can address this potential confounder by adjusting for participant age in their analyses or analyzing their data by small age strata, we were unable to do so because we did not have data on individual study participants. Moreover, because many of the individual studies did not perform analyses stratified by ever parous or OC use relative to FFTP, we could only use crude (rather than adjusted) estimates in our analyses. However, at least for the unstratified analyses (which were the only analyses for which we were able to obtain adjusted ORs), most of the crude ORs for OC use in parous women before FFTP that we calculated were similar to the adjusted ORs reported by the original authors. 30, 43, [45] [46] [47] 51, [55] [56] [57] [61] [62] [63] 66, [71] [72] [73] Survivor bias, that is, the exclusion of women with more aggressive breast cancer who may be too sick or die before study participation, is an important consideration since OC use early in life is associated with more aggressive disease. [105] [106] [107] [108] 45, 50, 59, 73 of the 9 positive studies showing that more than 5% of patients died or were too sick to be interviewed. If most of these women were OC users, excluding them from the studies would yield results that attenuate any true association. An attenuated effect could also result from studies excluding younger women, such as those in their 20s and 30s, who would be more likely to have used OCs before FFTP.
The definition of OC use might also affect any risk estimate. In particular, approximately 30% of women who start using OCs for the first time stop using them within 6 months because of adverse effects or for other reasons, 109, 110 and many women discontinue use within 3 months.
111
These women are often included in the ever users or users before FFTP groups, although it is unclear whether this short-term exposure is associated with an increased breast cancer risk. Thus, including them in our analyses likely attenuated our derived ORs.
Several issues concerning our results warrant discussion. First, because we limited the included studies to those with a case-control design, a possibility of recall bias exists, which would inflate any OC-breast cancer association. However, this concern has been explicitly addressed in the literature: 3 separate studies compared patients' recall against prescription records, and no study found evidence of a significant recall bias effect. 45, 65, 112 The concern over recall bias could have been avoided by using prospective studies; however, we did not include prospective stud- [113] [114] [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] ( Table 2) . Two studies 114, 115 examined the risks of OCs solely in regard to fatal breast cancer. One studied only women who had a positive family history of breast cancer. 117 Two Icelandic studies 125, 127 had no information on early OC use because the national cancer registry did not collect information on age of use of OCs until the 1990s. Only 2 prospective studies 118, 129 examined OC risk in women who used them before FFTP, and only one of these examined the risk of long-term use before FFTP in premenopausal women. 118 The latter study identified only 4 premenopausal women younger than 45 years who had used OCs for 5 or more years before FFTP, a number too small from which to draw any meaningful conclusions. Moreover, if OC use before FFTP is associated with more aggressive premenopausal breast cancers, [105] [106] [107] [108] premenopausal women with breast cancer might not be included in prospective studies since they were absent from the population from which the cohort was chosen because of their early death or excluded from the original cohort because of study design. These factors would lead to an underestimation of any true effect.
A limitation of our analyses is that we used crude ORs instead of adjusted ORs because of the lack of available data on adjusted ORs for exposure by parity or FFTP. Hence, we could not adjust for potential confounders, such as age at menarche and age at first birth. However, if certain confounders played a significant effect, we might expect the ORs that we calculated based on the raw data to be significantly different from the adjusted ORs for OC use before FFTP reported in the original publications. This does not appear to be the case. Most studies 30, 43, [45] [46] [47] 51, [55] [56] [57] [61] [62] [63] 66, [71] [72] [73] reported adjusted ORs similar to the crude ORs we calculated in our analyses, suggesting that it is unlikely that the lack of adjustments for potential confounders substantially affected our findings. Second, we were not able to control for hormonal doses in the OC preparations. Hormonal content of OCs has changed throughout the years, and the results of studies in which women were exposed predominantly to high-dose estrogen and progestin OCs may not apply to low-dose OCs. Although low-dose OCs have less thrombotic risk than high-dose OCs, low-dose OCs have been associated with greater breast cancer risk compared with high-dose regimens. 21, 60, 65 For example, the Oxford pooled analysis reported a higher risk of metastatic breast cancer in women who took low-dose triphasic OCs vs the highdose monophasic OCs. 11 Although the reason underlying this apparent contradiction is unknown, it could be due to the more potent progestins used in newer OCs. Although the norethindrone-related progestins (eg, norethindrone, norethynodrel, ethynodiol) were exclusively used in the 1960s and 1970s, the gonanes (eg, desogestrel, norgestrel, norgestimate), which are far more potent than their predecessors, 130 have been used more frequently since the late 1970s. Progesterone levels rise in the luteal phase and have been hypothesized to be responsible for the increasing rate of breast cell division. 131 Oral contraceptives hyperstimulate breast cell division in the nulliparous breast but have their greatest effect in the luteal phase, when progestin doses within low-dose triphasic OCs are highest. 93 Synthetic progestins appear to increase breast cancer risk. Skegg et al 132 noted that women of young reproductive age who take injectable medroxyprogesterone acetate for 3 years or longer sustained a 190% increased risk in breast cancer (relative risk, 2.9; 95% CI, 1.2-7.1). Recently, the Women's Health Initiative reported that women randomized to take a combined estrogenprogestin formulation had an increased risk of breast cancer, 8 whereas women taking estrogen alone had no increased risk. 133 Hence, it is possible that the type and dose of OC progestin component might affect breast cancer risk.
Third, we noted earlier that we were not able to obtain specific data regarding timing since last use for premenopausal parous women who used OCs before FFTP. However, we believe it is reasonable to assume that most premenopausal patients who took OCs before FFTP took them at least 10 years ago since the average woman in the United States continues to take OCs for approximately 5 years. 134 In the future, the definition of timing of last OC use may become clouded as more perimenopausal women use newer low-dose OC regimens for noncontraceptive purposes. Another consideration is that we included all studies in the literature without applying any quality assessment criteria. This may explain some of the heterogeneity we observed in our analyses and might bias our findings toward the null. Although we noted heterogeneity in studies limited to nulliparous women, we were unable to identify the cause of the heterogeneity. Publication bias might also affect our results, although the smallest study included in our analysis had only 200 patients, and construction of a funnel plot showed no evidence of publication bias (data not shown).
CONCLUSION
Consistent with the recent International Agency for Research on Cancer classification of OCs as group 1 carcinogens, this meta-analysis suggests that OCs are associated with an increase in premenopausal breast cancer risk, especially among women who use OCs before FFTP.
